Pinniped diet may vary spatially and temporally and can be influenced by prey availability. Several prey species of Steller sea lions are densely aggregated during the nonbreeding season of sea lions and may be seasonally important because sea lion energetic requirements increase during winter and spring. To assess temporal variation in Steller sea lion diet at Benjamin Island in Lynn Canal, Southeast Alaska, we collected scat samples (n = 787) each February, April, October, and December from 2001 to 2004. Scat samples were not collected during summer because few sea lions were present at Benjamin Island during that season. Pacific herring (frequency of occurrence [FO] = 90.0%) and walleye pollock (FO = 87.5%) were the two most common prey species in sea lion scat samples, followed by skate, Pacific salmon, Pacific cod, capelin, cephalopods, northern lampfish, sculpins, arrowtooth flounder, eulachon, and Pacific hake. The FO of herring, pollock, skates, Pacific cod, and cephalopods did not differ significantly between seasons; however, the FO of capelin, Pacific salmon, northern lampfish, sculpins, arrowtooth flounder, eulachon, and Pacific hake differed between seasons. Sea lion diet diversity increased in spring and corresponded to the spawning season of several forage fish species. Exploiting salmon in fall, herring during winter, and eulachon, capelin, and northern lampfish in spring likely helps sea lions meet the increased energetic demands that occur during winter and spring.
Introduction
Pinniped diet may vary spatially and temporally (Pierce and Boyle 1991 , Pierce et al. 1991 , Tollit and Thompson 1996 , Lake et al. 2003 , Hume et al. 2004 ) and can be influenced by the distribution and abundance of prey (Thompson et al. 1991 , Tollit et al. 1997 , Hall et al. 1998 , Harcourt et al. 2002 . Prey distribution and abundance are seasonally dynamic; thus in order to identify temporal changes in prey exploitation, diet sampling should be conducted frequently enough to reflect changes in prey availability.
Steller sea lions (Eumetopias jubatus) are generalist predators that consume a wide variety of prey species and diet composition can vary considerably between areas (Merrick et al. 1997, Sinclair and Zeppelin 2002) . Variation in prey consumption patterns suggests that Steller sea lions forage on seasonally abundant and densely aggregated prey species (Sinclair and Zeppelin 2002) ; however, several of these prey species are only aggregated for brief periods during their spawning seasons. Therefore seasonally aggregated prey species may not be detected in sea lion diet if diet sampling only occurs infrequently.
Detecting seasonally available prey species in sea lion diet is important for several reasons. First, seasonally available prey species can influence the distribution (Sigler et al. 2004 , Womble et al. 2005 , foraging methods (Gende et al. 2001) , and at-sea and dive behavior of sea lions (Raum-Suryan et al. 2004 , Pitcher et al. 2005 . Second, the energetic content of sea lion prey species can vary seasonally , Iverson et al. 2002 , Vollenweider 2005 , thus making some species more energetically rewarding than others during certain seasons. Third, energetic demands for individual sea lions vary seasonally and are highest during winter and spring (Winship et al. 2002, Winship and Trites 2003) , thus determining prey species that are exploited by sea lions during those seasons is critical.
To address the importance of seasonally available prey species in the diet of Steller sea lions, we focused on Benjamin Island, a terrestrial site that is seasonally occupied by Steller sea lions in Southeast Alaska. Our objective was to assess the temporal variability in the diet of Steller sea lions during the nonbreeding season at Benjamin Island. Specifically we investigated the following hypotheses:
1. The frequency of occurrence of prey species in Steller sea lion diet differs among seasons, and 2. The diet diversity of Steller sea lions differs among seasons.
Materials and methods
Benjamin Island (58º33.7N, 134º54.8W) is located in Lynn Canal, Southeast Alaska ( were only collected in February and April. Samples were not collected during the breeding season, as Benjamin Island is not typically used by sea lions at that time. We collected only fresh fecal samples that had obviously originated from one animal. Samples were collected with a spoon, stored individually in plastic bags, and frozen until processing. Each sample was thawed in water and washed through an elutriator (Bigg and Olesiuk 1990) or a 0.495 mm sieve. All prey remains (fish bones, otoliths, cartilaginous parts, lenses, teeth, cephalopods beaks, lenses, and pens) were recovered, dried, and stored in petri dishes. Using a reference collection prey remains were identified to the lowest possible taxon by Pacific Identifications Inc., Victoria, British Columbia. The all-structures identification technique was to identify all skeletal fragments and other hard parts to account for prey with completely digested otoliths or prey that might not be otherwise represented by otoliths (Olesiuk et al. 1990 .
Relative importance of each prey species was based on frequency of occurrence (FO). Percentage FO was calculated by dividing the number of scats in which a prey item occurred by the total number of scats that contained identifiable prey remains and multiplying by 100% . Samples were pooled for FO calculations across seasons (Feb., Apr., Oct., and Dec.) and years (2001, 2002, and 2003) . FO is an index of presence or absence of a prey species in a scat sample and is a measure of the proportion of time a certain species is consumed ). FO does not provide insight into the quantity or mass of prey that was consumed; however, with large sample sizes the FO of prey species is equal to the numerical rank of each prey species (Sinclair et al. 1994 , Antonelis et al. 1997 . Only prey species that occurred in at least 5% of scat samples across years were reported.
Chi-square analysis was used to test for differences in FO of prey species in scat samples between seasons from 2001 to 2003. The analysis was limited to prey items occurring in at least 5% of scats across years. Diet diversity was calculated for each year and each season using Shannon's index of diversity (H ) where p i is the proportion of the ith species in the sample (Zar 1984) .
Results
A total of 56 prey items were identified from sea lion scat samples from Benjamin Island (2001 Island ( -2004 ; however, only 12 species occurred in at least 5% of scat samples across years. The two most common prey species were Pacific herring (Clupea pallasii, FO = 90.0%) and walleye pollock (Theragra chalcogramma, FO = 87.5%) in all years. Herring and pollock (Table 1) . Other prey species occurred in less than 5% of the scat samples. Overall there was little inter-annual variation in the FO of the most common prey items; however, during 2002, the FO of northern lampfish and eulachon substantially increased compared to other years (Table 1) . Some prey species varied seasonally, whereas others did not ( Table  2 ). The FO of capelin, salmon, northern lampfish, sculpins, arrowtooth flounder, eulachon, and Pacific hake differed significantly among seasons. In contrast, the FO of herring, pollock, skates, Pacific cod, and cephalopods did not differ among seasons (Table 3 Table 2) . The average number of prey species per scat sample was 3.3 ± 2.1 (SD) and ranged from 1 to 13 species. Diet diversity was higher in 2002 (H = 2.1) than in 2001 (H = 1.8) and 2003 (H = 1.8). Seasonal diet diversity was slightly higher in February (H = 1.9) and April (H = 2.1) than in October (H = 1.8) and December (H = 1.8).
Discussion

Potential biases
Analysis of scat samples is the most widely used method to determine prey preferences of pinnipeds ; however, there are several biases associated with using scat samples to determine diet (da Silva and Neilson 1985 , Pierce and Boyle 1991 . Different types of prey pass through digestives tracts at different rates (Pierce and Boyle 1991 , Orr and Harvey 2001 , Tollit et al. 2003 and recovery rates of otoliths vary depending upon prey species. Prey species with smaller, more fragile otoliths can be underestimated if included in a diet with larger otoliths (da Silva and Neilson 1985 , Dellinger and Trillmich 1988 , Orr and Harvey 2001 and the degree of erosion during the digestive process can be species and size specific . Activity rates and meal sizes can also influence passage rates and degree of erosion (Cottrell et al. 1996 , Tollit et al. 1997 , Tollit et al. 2003 . However, scat samples are relatively easy to collect, involve a nondestructive sampling procedure, and can provide information regarding the presence of seasonally exploited prey species by pinnipeds if samples are collected frequently enough and if sufficient samples sizes are collected (Trites and Joy 2005) .
Temporal variability in prey species
Some prey species differed seasonally in frequency of occurrence in sea lion scat, whereas others did not. Herring and pollock were the predominant prey species and corresponded to the most commonly detected species around Benjamin Island (M. Sigler and D. Csepp unpubl.) . Scat samples were collected during the non-breeding season from October to April and correspond to the period when densely aggregated schools of overwintering herring move into areas around Benjamin Island (M. Sigler and D. Csepp unpubl.) . Overwintering herring schools remain along the bottom, but at night they vertically migrate in the water column (Carlson 1980) . Herring return to the same overwintering grounds year after year (Carlson 1980, M. Sigler and D. Csepp unpubl.) and thus are a seasonally predictable prey resource for sea lions during winter each year. Although herring was the predominant prey species in all seasons at Benjamin Island, the FO of herring was lowest in April 2002 and 2003. The FO of pollock (87.5%) was only slightly less than that of herring (90.0%) and did not vary seasonally. Similar to diet studies conducted in other parts of the range of Steller sea lions, pollock was one of the predominant prey species in sea lion diet (Imler and Sarber 1947 , Pitcher 1981 , Merrick et al. 1997 , Sinclair and Zeppelin 2002 . Around Benjamin Island, pollock is available to sea lions throughout the year (M. Sigler, pers. obs.); however, when herring are densely aggregated in areas near Benjamin Island, herring may be more energetically rewarding than pollock and may supplement the lower energetic content of pollock diet during winter, which is estimated to be an energetically demanding time for sea lions (Winship et al. 2002) . Furthermore, a mixed diet of pollock and herring may confer benefits over a single-species diet. Trumble and Castellini (2005) documented increased digestible energy intake in harbor seals fed a mixed diet of pollock and herring rather than a single-species diet of only pollock or only herring.
Pollock may be overestimated in Steller sea lion diet because recovery rates for pollock in the scat of captive Steller sea lions ranged from 22 to 156%, whereas herring recovery rates ranged from 15 to 60% (Tollit et al. 2003) . Cottrell and Trites (2002) found that on average the number of pollock hard parts recovered from the scat of captive sea lions was 31.2 per pollock, in contrast to only 7.9 per herring. In addition, passage rates are higher for pollock than herring, which may tend to overestimate pollock and underestimate herring in sea lion diet (Tollit et al. 2003 (Pahlke 1985) , there have been few directed studies on capelin in Alaska, although it is an important forage species for many marine birds and mammals and deserves further attention (Brown 2002) .
In all years, eulachon FO was greatest in April with the highest FO of eulachon occurring in April 2002, and corresponding with higher biomass estimates of pre-spawning eulachon in nearby Berners Bay compared to 2003 (Sigler et al. 2004) . Eulachon are high in lipid content (Payne et al. 1999 , Iverson et al. 2002 , Vollenweider 2005 and spawn from March until May in southeastern Alaska. Sea lions aggregate at several eulachon spawning sites in southeastern Alaska (Womble et al. 2005) , and the distribution and abundance of eulachon influences the distribution (Sigler et al. 2004) , diet, and feeding strategies (Gende et al. 2001 ) of sea lions. Yet previous diet studies (Fiscus and Baines 1966 , Pitcher 1981 , Merrick et al. 1997 , Calkins 1998 , Sinclair and Zeppelin 2002 indicate that eulachon is not a common prey species for sea lions. Given the ephemeral nature of eulachon it is possible for the presence of eulachon in sea lion diet to go undetected if scat collections do not correspond to eulachon spawn timing in specific areas. In addition, sea lions raft up at eulachon spawning sites and defecate in the water instead of at the haul-out (Womble et al. 2005) . Prey species, such as eulachon, that may be of only minor importance throughout the range of Steller sea lions, could be very important in particular regions for Steller sea lions.
Northern lampfish also increased in importance during spring with a particularly dramatic increase in April 2002. Northern lampfish have one of the highest lipid contents (Van Pelt et al. 1997 of any sea lion prey species and are one of the most abundant species in the mesopelagic zone of the Gulf of Alaska (Purcell 1996) . Typically they inhabit depths of 300-600 m during the day with vertical migrations to 50 m at night (Frost and McCrone 1979) . Northern lampfish are common in deepwater north and east of Benjamin Island. In Glacier Bay in southeastern Alaska, northern lampfish have been found as shallow as 10-15 m during the day (Abookire et al. 2002) .
Pacific salmon, another seasonally available prey species, increased in frequency of occurrence in October and December, coincident with the run timing of fall salmon (Oncorhynchus sp.) (Salo 1991). During fall and early winter (September to December) fall spawning coho salmon (Oncorhynchus kisutch) and chum salmon (Oncorhynchus keta) are returning to rivers in Lynn Canal and are available to sea lions as high-energy prey (Cline 1982 , Bugliosi 1988 . In Prince William Sound and in the western stock of sea lions, salmon were consumed primarily in summer, likely reflecting the spawning period of salmon in those areas (Pitcher 1981 , Merrick et al. 1997 , Sinclair and Zeppelin 2002 .
Diet diversity
Increased diet diversity in spring corresponds with high energetic demands for female Steller sea lions (Winship et al. 2002) that are nursing a dependent pup and carrying a developing fetus. Spring is also an energetically demanding time for males as they prepare for extended fasting during the breeding season. Increased diet diversity in April was influenced by the presence of small schooling fish species including eulachon, capelin, and northern lampfish in sea lion diet. Increases in eulachon and capelin in spring were likely due to the availability of densely aggregated pre-spawning schools as both species spawn in nearshore areas in Lynn Canal in April and May. In the western stock, the diet diversity of Steller sea lions was highest in the areas with greatest population stability (Merrick et al. 1997 , Sinclair and Zeppelin 2002 , Sinclair et al. 2005 suggesting that sea lions need a diverse array of prey species available.
Implications
Our study has demonstrated that there is temporal variation in the diet of sea lions at Benjamin Island. Several of the prey species that are seasonally exploited by sea lions at Benjamin Island are those that are densely aggregated for short time periods each year, during spawning seasons. Given that the energetic demands are highest for sea lions in winter and spring (Winship et al. 2002) , these densely aggregated seasonal prey resources around Benjamin Island may be more efficient to exploit than more solitary prey species. Exploiting salmon in fall, herring during winter, and eulachon, capelin, and northern lampfish in spring likely helps sea lions meet the increased energetic demands that occur during winter and spring.
Ultimately, exploitation of densely aggregated, seasonally available prey species may have fitness consequences for Steller sea lions. Future work aimed at combining biomass reconstruction techniques with the seasonal energy content of prey, to estimate the proportion of energy consumed by Steller sea lions by prey species, will further our understanding of sea lion bioenergetics. Furthermore, understanding changes in seasonal exploitation of prey species by Steller sea lions is important as it can reflect changes in prey availability and may signal changing ecosystem conditions. Bugliosi, E.F. 1988 Benjamin Island in conjunction with quarterly collections of sea lion prey species from mid-water trawls near Benjamin Island. The biomass of prey species was reconstructed using biomass-variable (BV) and biomass-fixed (BF) techniques, and combined with prey energy content to estimate the amount of energy from each prey species during each season. Energy content of scats was variable across seasons and was lowest in February of both years and highest in December. A total of 41 prey species were identified from scat samples; however, the BV and BF models identified only five prey as constituting the majority of energy in sea lion scats. The five primary prey include salmon (Oncorhynchus sp.), skate (Rajidae), Pacific cod (Gadus macrocephalus), Pacific herring (Clupea pallasii), and walleye pollock (Theragra chalcogramma). These prey accounted for 91% of the total energy in the BV model and 84% in the BF model. Both models depicted similar seasonal trends in prey-derived energy, likely related to ephemeral prey aggregations associated with spawning or overwintering. In the BV model the primary prey species contributed relatively equal proportions of energy, with the exception of mature pollock. In contrast, herring was the predominant energy source in the BF model. The relative importance of prey types resulting from BV and BF models were more similar to each other than to raw biomass estimates or frequency of occurrence. Likely the true prey-derived energy is intermediate to the two models due to opposing inherent biases of each model.
Introduction
A thorough understanding of pinniped diet has become particularly important in light of the significant declines of Steller sea lions (Eumetopias jubatus) during the past three decades in the North Pacific (Burkanov et al. 2003; Sease et al. 1993 Sease et al. , 2001 ). Several hypotheses have been put forward to explain the decline; however, the nutritional stress hypothesis has received considerable attention (Castellini 1993 , Loughlin and York 2000 , Rosen and Trites 2000 . At the onset of the declines, species composition in the North Pacific Ocean shifted from a previously diverse assemblage of energy-rich forage fish to one in which a few species of energy-poor groundfish predominated (Francis et al. 1998 , Anderson and Piatt 1999 , Hare and Mantua 2000 . Sea lion diet reflected this change (Calkins and Goodwin 1988 , Merrick and Calkins 1996 , Merrick 1997 . Subsequently captive feeding studies demonstrated an inadequacy of groundfish to meet sea lion nutritional requirements (Calkins et al. 2000; Trites 2000, 2002) . In order to effectively evaluate hypotheses related to nutritional stress of animals in the wild, however, it is necessary to have a more thorough understanding of the seasonal dynamics of sea lion diet and energy sources. Of the numerous methods used to assess pinniped diet, including analysis of stomach contents, scat samples, fatty acids, and stable isotopes, the analysis of scat samples is the most widely used method to determine prey preferences of pinnipeds . Although there are several biases associated with using scat samples to determine diet (da Silva and Neilson 1985 , Pierce and Boyle 1991 , scat samples are relatively easy to collect, involve a non-destructive sampling procedure, provide definitive species identification and quantitative estimates of number and size of prey , and can provide information regarding the presence of seasonally exploited prey species (Trites and Joy 2005) .
Scat analysis data are typically reported as frequency of occurrence (FO) or split-sample frequency of occurrence (SSFO), both of which solely account for the presence or absence of prey taxa. However, understanding the energetic contribution of various prey species to pinniped diet is important given that both the energetic content of prey species (Robards et al. 1999 , Kitts et al. 2004 , Vollenweider 2005 ) and energetic requirement of pinnipeds can change seasonally (Winship et al. 2002) . Recently, the utility of scat data has been expanded with the estimation of the minimum number of individuals (MNI) of each prey species consumed and subsequent biomass reconstruction by species (Brown et al. 2002 . Our objectives were to extend the biological relevance of scat data to estimate energy acquisition of sea lions compared to their requirements by combining biomass reconstruction techniques with seasonal variability of prey energy (Lea et al. 2002) . Specifically, we developed a bioenergetics model to estimate the proportion of species-derived energy in Steller sea lion diet. Results further the understanding of sea lion diet and bioenergetics in southeastern Alaska, providing a comparison for declining populations in the western region.
Materials and methods
Scat analysis
For the data used in this paper, Womble and Sigler (2006) have described the scat collection and analytical methods and provided frequency of occurrence values for these data. As described by Womble and Sigler (2006) , sea lion fecal samples were collected four times per year during 2001 (n = 260) and 2002 (n = 220) from Benjamin Island, a Steller sea lion haul-out in Lynn Canal, southeastern Alaska (Fig. 1 ). Samples were collected during February, April, October, and December to determine the seasonal use of prey by sea lions. Samples were not collected during the breeding season, as Benjamin Island is not typically used by sea lions at that time.
All prey remains were identified to the lowest possible taxon by Pacific Identifications, Victoria, British Columbia. In the case that identification was discernable only to family, the most frequently observed species of the same family during the same scat collection was used as a proxy. Because the majority of cephalopods could not be identified beyond class, all octopus and squid were grouped together. In addition, because of the high proportion of walleye pollock (Theragra chalcogramma) in scat and their large size range, they were split into three ontogenetic groups, including young-of-the-year (YOY) (70-180 mm fork length), juvenile (110-380 mm), and mature pollock (290-668 mm) based on length frequencies from concurrent trawl surveys. When identification was not discernable to family, the scat was excluded from analysis.
Minimum number of individuals (MNI)
MNIs were calculated as the highest count of the same structure divided by the mean number of that structure per fish (Ringrose 1993) . Asymmetrical paired structures were categorized as left-or right-sided and the side with the greatest number was used as the highest count. Structure size was also considered in the estimation of MNI. For example, if a scat contained one small left otolith and one large right otolith, the MNI was 2. For comparison, MNI was estimated using only otoliths and all structures.
We used recovery correction factors (RCFs) to account for complete digestion of bones (Tollit et al. 2003; Phillips 2005 ; D.J. Tollit, North Pacific Universities Marine Mammal Research Consortium, Vancouver, B.C., unpubl. data; S. Crockford, Pacific Identification, Victoria, B.C., pers. comm.). If RCFs did not exist for a prey species, then an RCF from the most similar species was used (Table 1) . We examined MNI based on otoliths alone, calculated with and without RCFs.
Prey size
Relative size classes of individual fish were estimated by Pacific Identifications based on the sizes of hard structures. We placed numerical values on these size classes by estimating quantitative sizes of prey using cor- relations between otolith size and body size for the fish for which otoliths occurred in scats. Quantitative sizes were then extended to similar prey types of the same size class that were not represented by otoliths. Prey listed are those indicated as being among the 15 most important from frequency of occurrence, biomass-variable, and biomass-fixed energy estimations. Proxy indicates an alternate species used when no correction factor could be found for a given species. Sources are (1) Tollit et al. 2003 ; (2) Size composition of prey was estimated using sagittal otoliths and cephalopod beaks based on the allometric relationship between fish size to otolith size and cephalopod size to beak size (Wolff 1982 , Harvey et al. 2000 . Otoliths were first graded by degree of digestion as being in good, fair, or poor condition (Reid and Arnould 1996, Tollit et al. 1997) . Otoliths in good and fair condition were measured lengthwise to the nearest 0.01 mm using a dissecting microscope and digital calipers. Widths of chipped or broken otoliths were measured (Tollit et al. 1997) . Otolith sizes were adjusted for partial digestion using condition-specific DCFs if available (Tollit et al. 1997 ; D.J. Tollit, North Pacific Universities Marine Mammal Research Consortium, Vancouver, B.C., unpubl. data); otherwise mean species-specific DCFs were applied (Harvey 1989, Orr and Harvey 2001) . In the case that no DCFs were published for a species, DCFs of a similar species were used (Table 1) . Hood lengths of upper cephalopod beaks and rostral lengths of lower beaks were measured (Wolff 1982) . Beaks are not eroded significantly during digestion and thus no DCFs were applied to beak measurements (Tollit et al. 1997, Orr and Harvey 2001) . Length and mass of prey were calculated from corrected otolith and beak sizes using allometric regressions (Wolff 1982 , Harvey 1989 , Harvey et al. 2000 .
For several species, published allometric regressions did not exist; thus we used allometric regressions for similar species. If no otoliths existed for a prey species that was identified solely by other hard structures, size was estimated from size composition from concurrent trawl catch data ( Table 2 ). The use of trawl data for prey size assumes no size selection by sea lions. In the case that allometric equations were missing in the literature, allometric equations were calculated from trawl catch data using methods of Harvey et al. (2000) . If size could not be estimated by otolith measurements or trawl data, published size estimates of the species from the nearest location were used.
Seasonal energy content of prey
Energy content of prey was estimated according to methods outlined in Vollenweider (2005) . Prey collections for energy content analyses were conducted in waters within 10 km of Benjamin Island haul-out and 45 km of haul-outs in Frederick Sound, located 160 km south in southeastern Alaska (Fig. 1) . Energy content of prey was found to be statistically similar on this spatial scale, and energy content data were pooled among the sampling sites to increase sample size. Prey species included walleye pollock, Pacific herring (Clupea pallasii), eulachon (Thaleichthys pacificus), capelin (Mallotus villosus), and Pacific hake (Merluccius productus). Prey were collected on a quarterly schedule similar to the periods of scat collection (March, May, September, December of 2001 and 2002) .
Energy content of prey was determined by calculation from the energy-containing proximate fractions of lipid and protein using energy equivalents of 36.43 kJ g -1 and 20.10 kJ g -1 , respectively. Carbohydrates Prey sizes were estimated (1) by calculation from otolith or beak size using allometric regressions, (2) from size availability in waters adjacent to Benjamin Island determined by trawling, and (3) from size estimates in the literature. Proxy indicates an alternate species used when no allometric regression could be found for a given species. Prey listed are those indicated among the 15 most important from frequency of occurrence, biomass-variable, and biomass-fixed energy estimations. Mat = mature, Juv = juvenile, YOY = young-of-the-year.
were considered negligible (Brett 1995 , Vollenweider 2005 . For those prey types that were not collected during trawl surveys, we used literature values of prey energy content (Stansby 1976 , Perez 1994 , Van Pelt et al. 1997 , Worthy 1997 , Payne et al. 1999 Prey species' energy contribution to diet
Biomass reconstruction based on hard part analysis of scat has numerous biases, many of which we corrected for in our models. Data for MNIs were based on identification of all hard parts rather than otoliths alone, a technique that is a significantly better estimator of consumption , Cottrell and Trites 2002 , Tollit et al. 2003 . In addition, we applied recovery correction factors (RCFs) to MNIs to account for the complete digestion of some skeletal structures, which significantly reduces the estimated number of prey consumed. RCFs have been estimated primarily for otoliths (Harvey 1989 , Orr and Harvey 2001 ; however, there have been recent advances to develop RCFs for other bones (Cottrell and Trites 2002, Tollit et al. 2003 ) and all hard structures (Tollit et al. 2003; Phillips 2005 ; D.J. Tollit unpubl. data; S. Crockford, Pacific Identification, Victoria, B.C., pers. comm.). For size estimation of prey, we applied digestion correction factors (DCFs) to account for the partial erosion of hard parts which otherwise causes underestimation of prey sizes (Harvey 1989 , Orr and Harvey 2001 , Tollit et al. 1997 ).
We calculated prey-derived biomass using biomass-variable (BV) and biomass-fixed (BF) reconstruction for comparison using the described correction factors. BV calculations are based on the assumption that biomass represented by prey remains in each scat are variable, reflecting variable consumption of pinnipeds in the production of each scat . In contrast, BF calculations stem from the argument that factors other than variable consumption cause variation in reconstructed biomass (factors that influence digestion and deposition, or scat collection prejudices), and scats should are treated as samples of equal biomass consumed. Assumptions are extreme contrasts of each other, neither of which is likely entirely true. Thus, by comparing BV and BF biomass estimations with prey energy content, we hoped to find a solution intermediate to the two.
To estimate the total energy represented by a scat from each sampling period, we reconstructed prey biomass using the biomass-variable technique. For each scat, total biomass of each prey species was calculated as the minimum number of individuals corrected by RCFs times the mass of those individuals. Species biomass was then combined with seasonal energy content of prey to estimate total energy derived by each prey species in each scat. Species-specific energy was next summed over all scats from each scat collection period, and divided by the number of scats collected to produce an "average scat" representative of each sampling period.
Due to the assumptions of BF reconstruction, this estimator only provides proportional results rather than total energy values. Thus, to compare the two methods, we calculated the proportion of energy derived from each prey type using BV and BF techniques Frequency of occurrence (FO) was calculated for comparison . Energy estimates from BV and BF models, biomass estimates from the two models, and FO results were compared by using least squares linear regression (Zar 1984 ) and the Spearman rank-order correlation coefficient (Siegel and Castellan 1988 ). Spearman's test is conducted after first ranking prey types in order of increasing importance (1 being the most important). Ranks of the different models (BV, BF, raw biomass, FO) were then tested for statistical differences.
A post hoc sensitivity analysis was conducted to evaluate the contribution of energy content by skate, which was indicated as one of the primary energy sources from both models, though considerably more so in the BV model. BV calculations tend to overestimate large prey, thus we tested the sensitivity of the model to skate size by reducing the mass of individual skates by 50% and 75% to examine BV model outputs.
Results
A total of 480 scats were collected, 455 of which contained prey remains. Sample sizes during each collection period ranged between 47-97 scats. Of the scats with prey remains, only 30% contained otoliths with a total of 798 otoliths recovered. Identification of prey using otoliths alone detected 16 prey types while the use of all hard parts detected 41 types. Furthermore, the use of all hard parts corrected by RCFs resulted in MNI estimates 2.4 times greater than estimates based on RCF-corrected otoliths alone and 10 times greater than MNI estimates based on otoliths uncorrected by RCFs.
Frequency of occurrence
A total of 41 prey types were identified in sea lion scat samples from Benjamin Island; however, only 14 species occurred in at least 5% of the scats across years. The two most common prey species were herring (2001 FO = 92.1.0 %; 2002 FO = 88.3) and pollock (2001 FO = 84.5.5 %; 2002 FO = 86.9 %) in all years (Womble and Sigler 2006) (Table 3) . Some prey species varied seasonally, whereas other did not. The FO of capelin, salmon, northern lampfish, sculpins, arrowtooth flounder, eulachon, and Pacific hake differed seasonally (Womble and Sigler 2006 taxa peaked in April, including Pacific cod, capelin, cephalopods, northern lampfish, and eulachon. Conversely, hake did not appear in scats in April, though they were present in all other months.
Energy content of scat (BV model)
Mean energy content of scat at Benjamin Island using the BV model (± s.d.) was 30.4±6.2 MJ. BV estimates of energy content were variable across seasons, ranging from 16.6 to 26.6 MJ (Fig. 2) . Energy was similarly low in February of both years and high in December, while April and October were more variable between years. Only 4 of the 41 prey types found in scats contributed to the majority of the overall energy. Averaged across all sampling seasons, salmon, skate, herring, and Pacific cod accounted for 87% of the total energy. The addition of mature pollock subsequently accounted for 90% of the total energy, with all other prey types contributing <1.5% each (Table 4) . The model was robust to reductions in skate mass by 50% and 75%, skates remaining in the top five species in both circumstances. When biomass was decreased by 50%, skate-derived energy fell from 23.9% to 13.6%, making skates become the third most important energy source rather than the second. When skate biomass was reduced by an additional 50%, energy content was again cut in half to 7.3%, skates falling in importance to fourth place. 
Model comparisons
Both the BV and BF models identified the same five prey types as constituting the majority of energy in sea lion scats, accounting for 91% and 84% of the total energy, respectively. These species included salmon, skate, herring, Pacific cod, and mature pollock (Table 4) . Though mature pollock was one of the top five prey, it was relatively less important than the other four species in both models, contributing 3.6% of the total energy in the BV model and 11.3% in the BF model. The greatest discrepancy between the two approaches was that the BV model indicated that the other four of the top five prey types contributed relatively equal proportions of energy (~24% each), whereas the BF model showed a predominance of herring-derived energy (42% of the total energy). Furthermore, BF estimates of the proportion of energy contributed by the remaining prey were consistently greater than or equal to those estimated by the BV model with the exception of sculpin species. BV and BF estimates of species-derived energy were not statistically different when all 41 prey types were included (R 2 = 0.55, P < 0.001) (Table  5) . However, when comparisons of the models were limited to those species that contributed >1% of the total energy content in either model (n = 11), the two models became more disparate (R 2 = 0.41, P > 0.05). Similar seasonal trends in scat energy were detected in both BF and BV models. During all months, herring was the greatest energy source in the BF model (Fig. 3) . Herring-derived energy cycled seasonally, peaking in December in both years (56.5±12.0%, mean±s.d.) and decreasing to a minimum in April (24.2±6.1%). The BV model reflected the same seasonal fluctuations in herring derived energy with a peak in December (36.7±22.3%) and a minimum in April (13.5±0.7%), though herring was never the greatest source of energy (Fig. 4) . In contrast, salmon and skate alternately provided the most energy in the BV model, salmon becoming the most important in October of both years (43.1±2.8%), and skate the most important in February and April (February = 33.1±4.5%, April = 31.7±0.8%). Similarly, the BF model showed coincident seasonal increases in salmon (21.1±2.6%) and skate (February = 15.6±3.5%, April = 14.8±2.6%). Pacific cod-derived energy also fluctuated seasonally, becoming most important in April in both models (BV = 23.5±0.7%, BF = 16.3±0.7%).
Models vs. FO
Both BF and BV models were correlated with FO when all 41 prey types were compared; however, BF was considerably more similar to FO (R 2 = 0.71) than BV was (R 2 = 0.25). Furthermore, the relative importance of prey types resulting from both models was not statistically different from FO (P < 0.001) (Table 5) . However, when comparisons were limited to those species that either contributed ≥1% of the total energy or FO ≥5%, Prey types were ranked in order of increasing importance, 1 being the most important. The 10 most important prey are highlighted for each technique. Mat = mature, Juv = juvenile, YOY = young-of-the-year.
similarities between BF and FO declined (R 2 = 0.65, P > 0.05) while the BV model became disparate from FO (R 2 = 0.06, P > 0.05).
Discussion
Though we addressed many of the inherent biases associated with scat data in biomass reconstruction, several remained partially or completely unaccounted for due to a lack of quantifiable ways to resolve them. One such prejudice is the tendency for MNI estimates to underestimate the number of individual prey in a scat and consequently under-represent prey consumed in large numbers relative to those consumed in small numbers. This may have the effect of overemphasizing the importance some of the larger species such as salmon and skate, which appeared to contribute significant amounts of energy to sea lions in both models. Additionally, MNI biases may have also diminished the importance of herring, which were also indicated as a principal energy source. BV calculations further enhance the impartiality between small and large prey. By reducing skate size by significant amounts, we evaluated the robustness of the BV model. Despite reductions of 50% and 75%, skate still remained one of the primary energy sources in sea lion diet, though skate declined in terms of relative importance. Additional biases remaining unaccounted for are the assumptions that the two biomass reconstruction models are based upon. The BV model allows each scat to represent variable biomass consumed, but does not account for variable digestion and deposition rates among sea lions due to factors such as activity level and age (Laake et al. 2001) . In contrast, the BF model assumes each scat represents equal quantities of biomass consumed (Laake et al. 2001 ). Neither of the models' assumptions are representative of animals in the wild, and thus it is likely that the true energy consumption is intermediate to the two.
BV estimates of energy content of scats ranged from 16.6 to 26.6 MJ, falling within the low end of the range of Steller sea lion energy requirements which vary between 20 MJ d -1 for pups and 160 MJ d -1 for mature males (Winship et al. 2002) . Sea lions in captivity fed ad libitum defecate 0-4 times per day (Tollit et al. 2003) , thus inflation of scat energy by multiple daily scats provides estimates of energy consumption that are comparable to sea lion requirements. Seasonal trends in scat energy were apparent between years, with the tendency for scat energy to be high in December and low in February. Sea lion energy requirements are high- est between December and May mainly due to seasonal activity budgets associated with reproduction (Winship et al. 2002) , suggesting that late winter (February) may be the most energetically tenuous period for sea lions when energy demands are high yet acquisition is low based on these models. Steller sea lions appear to be somewhat opportunistic in their feeding habits as evidenced by the large number of prey types they consume (n = 41) and the relatively high FO of these prey in the diet. Only five of these prey types contribute to the bulk of energy consumed, however, with the other 36 prey constituting minor amounts of energy. Both BV and BF estimates of prey-derived energy indicate the same five species as being the most important, including salmon, skate, herring, Pacific cod, and mature pollock. The models differ regarding the proportion of energy contributed by each species, however. Pooled over all collection periods, the BV model indicates that with the exception of mature pollock, the remaining four important species contribute nearly equal amounts of energy to sea lion diets while the BF model suggests herring provide nearly four times as much energy as the other top four species.
We tested the sensitivity of the model to skate size to evaluate the potential for overestimation of large prey. Despite reductions in skate size by 50% and 75%, skate remained among the five most important energy sources for sea lions. We believe this may be a factor of so few species contributing to the majority of the energy content in sea lion scats.
Seasonal changes in the derivation of sea lion dietary energy indicate that sea lions may rely on seasonally ephemeral aggregations of prey related to spawning and overwintering habits of the prey. These findings support previous studies that document the availability of seasonal prey aggregations for Steller sea lions in southeastern Alaska (Sigler et al. 2004 , Womble et al. 2005 . Model results indicate that sea lions forage heavily on spawning salmon in the fall, overwintering aggregations of herring in December, followed by Pacific cod spawning aggregations in the spring. Skate and mature pollock appear to be more of a supplemental energy source due to their consistency year-round.
Of the four methods used to assess relative importance of prey in sea lion diets (BV, BF, raw biomass, and FO), BV and BF models ranked prey in the most similar order of relative importance (Table 5 ). Relative importance of prey types ranked by raw biomass was less comparable to the models and FO was the most dissimilar to all other methods. These differences were detected primarily when comparisons were limited to the most important prey species, including those that contributed ≥1% of the total energy or ≥5% FO. Inclusion of all prey in model comparisons indicated the models were more similar. Thus, it appears the many species which appear to be of minor importance were leveraging the comparisons and diluting meaningful distinctions between the estimators.
The combination of all four techniques provides an illustrative way to examine sea lion diet and that of other pinnipeds. FO provides a measure of how often prey types are consumed, while biomass reconstruction integrates prey sizes, imparts information regarding size selection of prey, and may also potentially address other ecosystem related issues such as estimating biomass removal from the ecosystem by pinnipeds. The most important estimator in terms of pinniped nutrition and bioenergetics is the magnitude and origin of energy sources, which can potentially be interpolated from BV-and BF-derived energy estimates. With this information, researchers may be able to compare energy consumption of pinnipeds to their energy requirements to assess nutritional condition. Furthermore, periods when energy consumption and energy requirements are most disparate may help to identify potentially tenuous times for pinnipeds, as we did here.
